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(54) Communication method and mobile station in mobile communication system 



(57) A communication method used when a mobile 
station receives a signal from a base station in a mobile 
communication system is provided. The method in- 
cludes the steps of: deciding one or a plurality of mobile 
stations which can communicate with the mobile station 
via a predetermined wireless network and which can re- 
ceive a signal from the base station; the one or a plurality 



of mobile stations sending a signal destined for the mo- 
bile station received from the base station to the mobile 
station via the predetermined wireless network; and the 
mobile station synthesizing a signal received from the 
base station and the signal destined for the mobile sta- 
tion received from the one or a plurality of mobile sta- 
tions. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a communica- 
tion method of a mobile communication system. More 
particularly, the present invention relates to a communi- 
cation method when a mobile station receives a signal 
from a base station in the mobile communication system 
by diversity reception. 

[0002] In addition, present invention relates to a mo- 
bile station which carries out communications according 
to the communication method. 

2. Description of the Related Art 

[0003] Fig. 1 shows an example of a conventional mo- 
bile communication system. 

[0004] As shown in Fig. 1 , this mobile communication 
system is configured by a hierarchical structure wherein 
radio network controllers 60, 80 control a plurality of 
base stations 40, 41, 42, 43 which are placed in com- 
munication service areas and a switch 100 controls the 
radio network controllers 60, 80. 

[0005] For example, a mobile station 18 which resides 
in a wireless zone of the base station 43 communicates 
with the base station 43 and communicates with another 
mobile station via the radio network controller 80, the 
switch 100 and a predetermined network (which is not 
shown in the figure). 

[0006] The mobile station 18 receives a signal from 
the base station 43 according to the antenna diversity 
reception method for example. According to the antenna 
diversity reception method, the error rate of received 
signals at the mobile station 18 can be decreased by 
synthesizing signals received by a plurality of antennas 
and by selecting a signal which is received by an anten- 
na which is in better receiving condition. 
[0007] In addition, the mobile station 1 9 which resides 
in a boundary part between the wireless zone of the 
base station 40 and the wireless zone of the base station 
41 receives signals from the base stations 40, 41 ac- 
cording to a site diversity reception method. According 
to the site diversity reception method, the mobile station 
19 receives same signals each of which signals are sent 
by the base stations 40 and 41 respectively. Then, the 
mobile station 19 synthesizes and selects the signals so 
that the error rate can be decreased. 
[0008] In the communication method according to the 
antenna diversity reception method, the interval be- 
tween antennas becomes smaller as the mobile station 
(a cellular phone and the like) becomes smaller. As a 
result, the correlation between receiving systems con- 
nected to the antennas becomes high so that large ef- 
fect of diversity can not be expected. 
[0009] According to the site diversity reception meth- 



od, when the mobile station resides in a boundary part 
of the wireless zones, the effect of the method can be 
obtained. However, when the mobile station resides in 
a central part of a wireless zone of a base station, at- 

5 tenuation of signals from another base station becomes 
large so that the effect of the diversity reception can not 
be obtained. Thus, it is necessary to install base stations 
in higher density for realizing effective site diversity re- 
ception. That is, it is necessary to increase the number 

10 of base stations which should be installed in the com- 
munication service area so that a cost of communication 
equipment increases. 

SUMMARY OF THE INVENTION 

15 

[0010] It is a first object of the present invention to pro- 
vide a communication method in a mobile communica- 
tion system for enabling effective site diversity reception 
regardless of the physical size of the mobile stations and 

20 placement of the base stations. 

[0011] It is a second object of the present invention to 
provide a mobile station which performs communication 
according to the communication method. 
[0012] The above first object of the present invention 

25 is achieved by a communication method used when a 
mobile station receives a signal from a base station in 
a mobile communication system, comprising the steps 
of: 

30 deciding one or a plurality of mobile stations which 
can communicate with the mobile station via a pre- 
determined wireless network and which can receive 
a signal from the base station; 
the one or a plurality of mobile stations sending a 

35 signal destined for the mobile station received from 
the base station to the mobile station via the prede- 
termined wireless network; and 
the mobile station synthesizing a signal received 
from the base station and the signal destined for the 

40 mobile station received from the one or a plurality 
of mobile stations. 

[001 3] According to the method in the mobile commu- 
nication system, since signals destined for the mobile 

^5 station which are received by the one or a plurality of 
mobile stations from the base station can be aggregated 
in the mobile station, the mobile station can perform di- 
versity reception of the signal destined for the mobile 
station from the base station by synthesizing a signal 

so received from the base station and the aggregated sig- 
nals. 

[0014] In terms of providing a concrete method of de- 
ciding the one or a plurality of mobile stations which 
sends signals destined for the mobile station, the above 
55 method may further includes the steps of: 

forming the predetermined wireless network by the 
mobile station and other mobile stations in the mo- 
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bile communication system; 

selecting the one or a plurality of mobile stations 
among the other mobile stations as mobile stations 
for diversity reception; and 

the one or a plurality of mobile stations selected as 5 
used for diversity reception of the mobile station 
sending the signal destined for the mobile station 
received from the base station to the mobile station 
via the predetermined wireless network. 



[0015] In terms of decreasing error rate of receiving 
signals received by diversity reception, the above meth- 
od may further includes the steps of: 

selecting the one or a plurality of mobile stations 
among the other mobile stations such that communica- 
tion condition between the one or a plurality of mobile 
stations and the base station is better than predeter- 
mined condition. 

[0016] According to the above method, signals des- 
tined for the mobile station which are received by the 
one or a plurality of mobile stations from the base station 
can be aggregated in the mobile station in which com- 
munication condition between the base station and the 
one or a plurality of mobile stations is good. 
[0017] The communication condition depends on a 
state of the wireless channel between the base station 
and a mobile station. The state of the wireless channel 
depends on a distance to the base station (distance of 
the wireless channel), reflection by a building, radio at- 
tenuation, radio interference by other communication 
nodes and the like. For example, the state of the wire- 
less channel can be represented by signal receiving lev- 
el, signal error rate, receiving level of interference wave 
and the like. 

[0018] In terms of obtaining the communication state 
between the base station and the one or a plurality of 
mobile stations, the above method may further includes 
the steps of: 

selecting the one or a plurality of mobile stations 
among the other mobile stations such that each level of 
signals received from the base station by the one or a 
plurality of mobile stations is higher than a predeter- 
mined level. 

[0019] In terms of providing a concrete method for the 
mobile station to recognize the one or a plurality of mo- 
bile stations which operate for diversity reception of the 
mobile station, the above method may further includes 
the steps of: 

the mobile station sending participation requests 
which are requests to operate for diversity reception 
of the mobile station, to the one or a plurality of mo- 
bile stations via the predetermined wireless net- 
work; 

each mobile station which receives the participation 
request determines whether the each mobile sta- 
tion can receive a signal from the base station; 
each mobile station which can receive a signal from 



the base station recognizing that the each mobile 
station operates for diversity reception of the mobile 
station which sends the participation request, and 
sending a participation response which indicates 
acceptance of the participation request to the mo- 
bile station via the predetermined wireless network; 
and 

the mobile station recognizing that the each mobile 
station which sends the participation response op- 
10 erates for diversity reception of the mobile station. 

[0020] In terms of selecting the one or a plurality of 
mobile stations such that the mobile station can perform 
diversity reception with lower error rate, the above meth- 
15 od may further includes the steps of: 

the each mobile station which receives the partici- 
pation request measuring a state of receiving a sig- 
nal from the base station; 

20 the each mobile station in which the state is better 
than a predetermined state recognizing that the 
each mobile station operate for diversity reception 
of the mobile station and sending the reception re- 
sponse to the mobile station via the predetermined 

25 wireless network. 

[0021] In the above method, the predetermined wire- 
less network may be a mobile ad-hoc network. 
[0022] The above second object of the present inven- 
30 tion is achieved by a mobile station which receives a 
signal from a base station in a mobile communication 
system; 

a first transceiver unit which transmits and receives 
35 a signal between the mobile station and the base 
station; 

a second transceiver unit which transmits and re- 
ceives a signal between the mobile station and a 
first mobile station; 
40 network forming control means which forms a pre- 
determined wireless network including the mobile 
station and the first mobile station by communicat- 
ing with the first mobile station by using the second 
transceiver unit; and 
45 signal synthesizing means which synthesizes a sig- 
nal received from the base station by the first trans- 
ceiver unit and a signal destined for the mobile sta- 
tion received from the first mobile station by the sec- 
ond transceiver unit via the predetermined wireless 
so network. 

[0023] According to the mobile station, diversity re- 
ception can be performed when receiving a signal des- 
tined for itself from the base station, by synthesizing a 
55 signal from the base station and a signal destined for 
the mobile station received from another mobile station 
via the wireless network. 

[0024] The above mobile station may further includes: 
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transfer control means which sends a signal des- 
tined for a second mobile station received by the first 
transceiver unit to the second mobile station via the pre- 
determined wireless network by the second transceiver 
unit. 

[0025] When the mobile station receives a signal des- 
tined for another mobile station from the base station, 
the mobile station transfers the signal to another mobile 
station via the predetermined wireless network. Accord- 
ingly, the another mobile station can perform diversity 
reception by synthesizing a signal received from the 
base station and the signal which is transferred. 
[0026] In terms of providing a concrete function for 
performing diversity reception by using a signal from an- 
other mobile station, the above mobile station may fur- 
ther includes: 

participation request send control means which 
sends a participation request to the first mobile sta- 
tion by the second transceiver unit via the predeter- 
mined wireless network, the participation request 
being a request to operate for diversity reception of 
the mobile station; 

first storing means which stores the first mobile sta- 
tion as used for diversity reception of the mobile sta- 
tion when the second transceiver unit receives a 
participation response from the first mobile station 
via the predetermined wireless network, the partic- 
ipation response indicating that the first mobile sta- 
tion accepts the participation request; 
wherein the signal synthesizing means synthesizes 
a signal received from the base station by the first 
transceiver unit and a signal destined for the mobile 
station received from the first mobile station by the 
second transceiver unit via the predetermined wire- 
less network, the first mobile station being stored in 
the first storing means. 

[0027] In terms of providing a concrete function for 
sending a signal used for diversity reception by another 
mobile station to the another mobile station, the above 
mobile station further includes: 



sponse indicating that the mobile station accepts 
the participation request; and 
wherein the transfer control means sends, by the 
second transceiver unit, a signal destined for the 
5 second mobile station to the second mobile station 

when the first transceiver unit receives the signal 
destined for the second mobile station, the second 
mobile station being stored in the second storing 
means. 

10 

[0028] In addition, the above mobile station may fur- 
ther includes: 

receive state measuring means which measures a 
15 state of receiving a signal from the base station 
when the second transceiver unit receives the par- 
ticipation request from the second mobile station via 
the predetermined wireless network; 
second determining means which determines 
20 whether the state measured by the receive state 
measuring means is better than a predetermined 
state; 

wherein the second mobile station which sends the 
participation request is stored in the second storing 
25 means and the participation response control 
means sends the participation response, by the 
second transceiver unit, to the second mobile sta- 
tion via the predetermined wireless network when 
the first determining means determines that a signal 
30 from the base station can be received and when the 
second determining means determines that the 
state is better than the predetermined state. 

[0029] Further, in the above mobile station, the pre- 
35 determined wireless network formed by the network 
forming control means may be a mobile ad-hoc network. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 [0030] Other objects, features and advantages of the 
present invention will become more apparent from the 
following detailed description when read in conjunction 
with the accompanying drawings, in which: 

Fig.1 shows an example of diversity reception in a 
conventional mobile communication system; 
Fig. 2 shows a configuration of a mobile communi- 
cation system according to an embodiment of the 
present invention; 

Fig. 3 shows configuration examples of each mobile 
station which communicates with a base station in 
the mobile communication system; 
Fig .4 is a sequence chart which shows process pro- 
cedures for deciding mobile stations for diversity re- 
ception; 

Fig. 5 is a flowchart showing an example of a proc- 
ess procedure in a mobile station for deciding mo- 
bile stations for diversity reception; 



first determining means which determines whether 
a signal from the base station can be received when 45 
the second transceiver unit receives a participation 
request from the second mobile station, the partic- 
ipation request being a request to operate for divin- 
ity reception of the second mobile station; 
second storing means which stores the second mo- so 
bile station when the first determining means deter- 
mines that a signal from the base station can be re- 
ceived; 

participation response control means which sends 
a participation response, to the second mobile sta- 55 
tion from which the participation request is received, 
by using the second transceiver unit via the prede- 
termined wireless network, the participation re- 



ts 



20 



25 



4 



7 



EP 1 113 592 A2 



8 



Fig. 6 shows a state at the time when cellular com- 
munication between a mobile station and a base 
station starts; 

Fig.7 shows a state in which a mobile ad-hoc net- 
work is formed by a plurality of mobile stations; 
Fig. 8 shows a state in which a mobile station sends, 
to other mobile stations, requests to participate in 
mobile stations for diversity reception; 
Fig. 9 is a flowchart showing an example of a proc- 
ess procedure in a mobile station which receives 
the request to participate in mobile stations for di- 
versity reception; 

Fig. 10 shows a state in which the mobile station 
which receives the request to participate sends a 
response; 

Fig. 11 is a sequence chart showing an example of 
process procedures in which a mobile station re- 
ceives a signal from the base station by using mo- 
bile stations for diversity reception; 
Fig. 12 is a flowchart showing an example of a proc- 
ess procedure in a mobile station which operate as 
the mobile station for diversity reception; 
Fig. 13 is a flowchart showing an example of a proc- 
ess procedure in a mobile station which receives a 
signal from the base station by diversity reception 
by using mobile stations for diversity reception; and 
Fig. 14 shows a state in which a mobile station re- 
ceives a signal from the base station by diversity 
reception by using mobile stations for diversity re- 
ception. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0031] In the following, embodiments of the present 
invention will be described with reference to figures. 
[0032] A mobile communication system of an embod- 
iment of the present invention is configured, for exam- 
ple, as shown in Fig. 2. This example is a cellular mobile 
communication system. 

[0033] The mobile communication system shown in 
Fig. 2 is a cellular mobile communication system, in 
which a plurality of base stations 40, 41, 42, 43 which 
are placed in the communication service areas, radio 
network controllers 60, 80 and the switch 100 are con- 
nected hierarchically in the same way as the conven- 
tional communication system. Each base station forms 
a wireless zone (a cell). Each mobile station in a wireless 
zone of a base station communicates with the base sta- 
tion. For example, each of mobile stations which reside 
in the wireless zone of the base station 40 communi- 
cates with the base station 40 by using a predetermined 
wireless channel (which will be called a wireless channel 
for a cellular network). This is indicated in Fig.2 by a 
solid line with arrows and dotted lines with arrows. In 
addition, the mobile stations 11, 12, 13 which reside in 
a predetermined area form a local wireless communica- 
tion network, for example, a mobile ad-hoc network. The 



mobile stations 11, 12, 13 communicates with one an- 
other via the mobile ad-hoc network. This communica- 
tion is shown in Fig.2 by double solid lines with arrows. 
[0034] Each of the mobile stations 11, 12, 13 in the 

5 above-mentioned mobile communication system is con- 
figured, for example, as shown in Fig. 3. 
[0035] As shown in Fig. 3, each of the mobile stations 
11, 12, 13 includes a transceiver unit 21 for a cellular 
network, a transceiver unit 22 for a mobile ad-hoc net- 

10 work and a control unit 23. The transceiver unit 21 for a 
cellular network transmits a signal to the base station 
40 and receives a signal from the base station 40. The 
transceiver unit 22 for a mobile ad-hoc network receives 
and transmits a signal within the mobile ad-hoc network 

15 formed by a mobile station group including the mobile 
stations 11, 12, 13 in a predetermined area. The control 
unit 23 controls the transceiver units 21 and 22. that is, 
for example, the control unit 23 performs a process of 
sending a signal received from the base station 40 by 

20 the transceiver unit 21 for a cellular network to another 
mobile station by the transceiver unit 22 for a mobile ad- 
hoc network, in addition, the control unit 23 synthesizes 
a signal received from the base station 40 by the trans- 
ceiver unit 21 for a cellular network and a signal received 

25 from another mobile station by the transceiver unit 22 
for a mobile ad-hoc network. 

[0036] In this mobile communication system, the mo- 
bile station 11 , for example, receives by diversity recep- 
tion a signal from the base station 40 by using other mo- 

30 bile stations 12 and 13 (which will be called mobile sta- 
tions for diversity reception) which reside in the wireless 
zone of the base station 40 and which reside in the mo- 
bile ad-hoc network in the following way. 
[0037] The transceiver unit 21 for a cellular network 

35 of the mobile station 11 performs two-way communica- 
tion with the base station 40 by using a predetermined 
wireless channel for a cellular network so that the trans- 
ceiver unit 21 receives a signal destined for the mobile 
station 11 . The transceiver unit 21 of each of the mobile 

40 stations 12 and 13 for diversity reception receives a 
downlink signal destined for the mobile station 11 . Then, 
the control unit 23 of each of the mobile stations 1 2 and 
13 passes the received signal destined for the mobile 
station 11 to the transceiver unit 22 for a mobile ad-hoc 

<5 network. 

The transceiver unit 22 for a mobile ad-hoc network 
sends the received signal destined for the mobile station 

11 to the mobile station 11 via the mobile ad-hoc net- 
work. When the transceiver unit 22 for a mobile ad-hoc 

50 network of the mobile station 11 receives the signals 
destined for the mobile station 1 1 from the mobile station 

12 and 13, the control unit 23 synthesizes the signal re- 
ceived from the base station 40 and the signals received 
from the mobile stations 12 and 13. 

55 [0038] In the following, the operation of the diversity 
reception of the mobile station 11 by using the mobile 
stations 12 and 13 for diversity reception will be de- 
scribed in more detail. 
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[0039] The process for determining other mobile sta- 
tions as the mobile stations for diversity reception con- 
cerning the mobile station 11 is as follows, for example. 
[0040] Process procedures of the mobile stations 11 , 
12, 13 and the base station 40 are shown in Fig.4. A s 
process procedure of the control unit 23 of the mobile 
stations 11 is shown in Fig. 5. A process procedure of 
the control unit 23 of the other mobile stations 12 and 
13 is shown in Fig. 9. 

[0041] The operations of the mobile stations 11, 12, 
13 will be described according to Figs. 5 and 9 with ref- 
erence to Figs.4 generally. 

[0042] In Fig. 5, the mobile station 11 starts cellular 
communication with the base station 40 in step 1. Fig. 6 
shows this state. This communication between the mo- 
bile station 11 and the base station 40 is performed, for 
example, on a wireless channel CH3 (a wireless chan- 
nel for a cellular network) wherein cellular channel in- 
formation including an ID (for example ID=BS5) of the 
base station 40 is sent from the base station 40 to the 
mobile station 11. 

[0043] After starting the cellular communication with 
the base station 40, the mobile station 11 determines 
whether the mobile station 11 is connected to the mobile 
ad-hoc network in step 2. 

If the mobile station 11 is not connected to the mobile 
ad-hoc network, the transceiver unit 22 for a mobile ad- 
hoc network transmits and receives a signal according 
to a predetermined protocol of a mobile ad-hoc network 
so that the mobile station 11 is connected to, for exam- 
ple, a mobile ad-hoc network ADH-NW including mobile 
stations 12, 13, 15 in step 3. This state is shown in Fig. 
7. AODV (Ad-hoc on Demand Distance Vector Routing), 
DSR (Dynamic Source Routing), TORA (Temporally-Or- 
dered Routing Algorithm), 2RP (Zone Routing 
Protocol ) and the like can be used as the protocol for 
the mobile ad-hoc network. 

[0044] Accordingly, when the mobile station 11 is con- 
nected to the mobile ad-hoc network ADH-NW, or, if the 
mobile station 11 is already connected to the mobile ad- 
hoc network ADH-NW (YES in step 2), the mobile sta- 
tion 11 sends a participation request to the mobile ad- 
hoc network ADH-NW in step 4. This state is shown in 
Fig. 8. A signal used for the participation request in- 
cludes cellular channel information (the ID (=BS5) of the 
base station 40 and the wireless channel CH3 used for 
communication with the base station 40) from the base 
station 40. 

[0045] The mobile station 11 starts an internal timer 
in step 5 after sending the participation request for di- 
versity reception over the mobile ad-hoc network ADH- 
NW. Then, the mobile station 11 determines repeatedly 
whether it receives a participation response from other 
mobile station in the mobile ad-hoc network ADH-NW 
in step 6 while checking whether the timer times out in 
step 7. 

[0046] In order for the other mobile station (for exam- 
ple, the mobile station 12, 13) to recognize the partici- 



pation request from the mobile station 11 , the other mo- 
bile station needs to know identifying information of the 
mobile station 11. When the mobile ad-hoc network 
ADH-NW uses the same identifying information as that 
of the cellular network, the other mobile station uses 
source information (mobile station number of the source 
mobile station and the like) in a header of the participa- 
tion request as the identifying information of the mobile 
station 11. When the mobile ad-hoc network ADH-NW 
uses different identifying information from that of the cel- 
lular network, the identifying information is included in a 
part (other than the header part) of the participation re- 
quest in addition to "base station ID" and "wireless chan- 
nel". 

[0047] The other mobile stations 12, 13, 15 in the mo- 
bile ad-hoc network operate according to Fig. 9. 
[0048] As shown in Fig.9, each mobile station repeat- 
edly determines whether it receives the participation re- 
quest from a mobile station in the mobile ad-hoc network 
ADH-NW in step 11. When the mobile station receives 
the participation request from the mobile station 11, the 
mobile station obtains the cellular channel information 
included in the participation request in step 12. Then, 
the mobile station determines whether a base station ID 
which the mobile station receives from a base station 
and a base station ID included in the participation re- 
quest are the same in step 1 3. In this embodiment, since 
the mobile stations 12 and 1 3 reside in the wireless zone 
of the base station 40, it is determined that these base 
station IDs are the same by the mobile stations 12 and 
13. On the other hand, since the mobile station 15 is in 
a wireless zone of, for example, a base station 42 
(ID=BS3), the mobile station 15 determines that these 
base station IDs are not the same. 
[0049] After that, the mobile station 15 which deter- 
mines that these base station IDs are not the same re- 
peatedly determines whether the mobile station 15 re- 
ceives the participation request from a mobile station in 
the mobile ad-hoc network ADH-NW in step 11 (waiting 
state). 

[0050] On the other hand, the mobile station 12 or 13 
which determines that these mobile station IDs are the 
same measures a receiving level of the wireless channel 
CH3 used by the base station 40 in the cellular network 
in step 14. Then, the mobile station determines whether 
a signal can be received by the wireless channel CH3 
on the basis of the receiving level in step 15. In this de- 
termination, for example, it is judged whether the receiv- 
ing level is equal to or more than a threshold level. When 
it is determined that a signal can not be received by the 
wireless channel CH3, the mobile station repeatedly de- 
termines whether it receives the participation request 
from a mobile station in the mobile ad-hoc network ADH- 
NW in step 11 (waiting state). 

[0051] When it is judged that a signal can be received 
by the wireless channel CH3, the mobile station sends 
the participation response to the mobile station 11 which 
sent the participation request over the mobile ad-hoc 
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network in step 16. Then, the control unit 23 of the mo- 
bile station which sends the participation response 
stores the mobile station 11 which sent the participation 
request in step 17. Accordingly, each mobile station 
which sent the participation response recognizes that it 
performs as the mobile station for the diversity reception 
for the mobile station 11 which sent the participation re- 
quest. 

[0052] In this example, the mobile stations send the 
participation response in response to the participation 
request from the mobile station 11, however the mobile 
station 15 does not send the participation response. 
This state is shown in Fig. 10. 

[0053] As shown in Fig. 5, as mentioned above, the 
mobile station 11 which sent the participation request to 
the mobile ad-hoc network ADH-NW repeatedly deter- 
mines whefher the participation response is sent from 
other mobile station in the mobile ad-hoc network in step 
6 while checking whether the inside timer times out in 
step 7. In this state, when the mobile station 11 receives 
the participation responses from other mobile stations, 
for example mobile stations 12 and 13, the control unit 
23 in the mobile station 11 stores the mobile stations 12 
and 13 which sent the participation responses. Accord- 
ingly, the mobile station 11 recognizes that the mobile 
stations 12 and 13 operate as mobile stations for diver- 
sity reception for the mobile station 11. 
[0054] When the other mobile stations 12 and 13 
which operate as the mobile stations for diversity recep- 
tion for the mobile station 11 are determined, the mobile 
station 11 receives signals from the base station 40 by 
diversity reception. In the following, processes in the di- 
versity reception will be described. 
[0055] Fig. 11 shows process procedures in each of 
mobile stations 11, 12, 13 and the base station 40. Fig. 
12 shows process procedures in each of the mobile sta- 
tions 1 2 and 1 3 which operate as the mobile stations for 
diversity reception. Fig. 13 shows a process procedure 
in the mobile station 11. 

[0056] In the following, processes in each of the mo- 
bile stations 12, 13, 11 will be described according to 
Figs. 12 and 13 with reference to Fig. 11 generally. 
[0057] As shown in Fig. 12, each of the mobile stations 
1 2 and 1 3 which operate as the mobile station for diver- 
sity reception enter a state in which the mobile stations 
12 and 13 receive data from the wireless channel CH3 
of the base station 40, wherein each of the mobile sta- 
tions 12 and 13 monitors by the transceiver unit 21 for 
a cellular network whether a signal (for example, a pack- 
et) destined for the mobile station 11 is received in step 
21. When the mobile station receives a signal destined 
for the mobile station 11 by the wireless channel CH3, 
the mobile station sends, by the transceiver unit 22 for 
a mobile ad-hoc network, a signal including the received 
signal destined for the mobile station 11 to the mobile 
station 11 over the mobile ad-hoc network ADH-NW in 
step 22. Each of the mobile stations 12 and 13 repeat- 
edly performs these processes (steps 21 and 22). 



[0058] A method for the mobile stations 1 2 and 1 3 to 
check whether the signal received via the wireless chan- 
nel for a cellular network is destined for the mobile sta- 
tion 11 is as follows, for example. 

5 [0059] Generally, a signal (a packet, for example) 
transmitted over a wireless channel in a cellular network 
includes identifying information of a destination mobile 
station (for example, a mobile station number and a mo- 
bile station address). Further, the signal also includes 

10 error correction code and error detection code. These 
error correction code and error detection code are used 
for correcting a bit error in the signal which occurs while 
the signal is transmitted over the wireless channel and 
used for determining whether the correction is properly 

15 performed by a mobile station which received the signal. 
The mobile stations 12 and 13 check whether there is a 
bit error in the identifying information of the signal re- 
ceived by the wireless channel of the cellular network 
by using the error correction code and error detection 

20 code. When there is a bit error, the signal is discarded. 
On the other hand, when there is no error in the identi- 
fying information, the mobile stations 12 and 13 deter- 
mines whether the identifying information is for the mo- 
bile station 11. If the identifying information is for the mo- 

25 bile station 11, the signal including the identifying infor- 
mation is determined to be destined for the mobile sta- 
tion 11. 

[0060] As shown in Fig.1 3, the mobile station 11 which 
performs diversity reception monitors whether it re- 

30 ceives a new signal (for example, a packet) from the 
wireless channel of the mobile station 40 in step 31 , and 
whether it receives a new signal (for example, a packet) 
from the mobile ad-hoc network ADH-NW in step 32. 
When a new signal is received from the wireless channel 

35 CH3 of the base station 40, the control unit 23 of the 
mobile station 11 starts the internal timer in step 33 and 
stores the received signal in an internal memory in step 

34. Then, the mobile station 11 determines whether it 
receives, from the mobile ad-hoc network ADH-NW, a 

40 signal which includes a signal same as that which is 
stored in the internal memory in step 35 while checking 
whether the timer times out in step 37. 
[0061] Then, when the mobile station 11 receives a 
signal including a signal which is the same as the stored 

45 signal from the mobile stations 12 and 13 via the mobile 
ad-hoc network ADH-NW, the mobile station 11 stores 
the signal in the internal memory in step 36. 
[0062] While the above-mentioned processes (steps 

35, 36, 37) are performed, if the internal timer times out, 
so the signal which is received from the base station 40 

and stored in the internal memory, and, the signal re- 
ceived from other mobile stations 12, 13 via the mobile 
ad-hoc network ADH-NW are synthesized in step 44. 
This process is performed by a known method, for ex- 
55 ample, in which blocks except for a block where an error 
is detected are selected and combined, and by a maxi- 
mum ration synthesizing method and the like. 
[0063] As mentioned above, while the mobile station 
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11 monitors whether it receives a new signal (for exam- 
ple, a packet) from the wireless channel CH3 of the base 
station 40 (in step 31) and whether it receives a new 
signal (for example, a packet) from the mobile ad-hoc 
network ADH-NW (in step 32), there is a case in which 
the mobile station 11 receives a new signal from the mo- 
bile ad-hoc network ADH-NW before it receives a new 
signal from the wireless channel CH3 of the base station 
40 (NO in step 31, YES in step 32). In this case, the 
internal timer is started in step 38, and the new signal 
received via the mobile ad-hoc network ADH-NW is 
stored in the internal memory in step 39. 
[0064] After that, while checking time-out of the inter- 
nal timer in step 43, the mobile station 11 monitors 
whether it receives the same signal as the stored signal 
from the wireless channel CH3 of the base station 40 in 
step 40 and whether it receives the same signal as the 
stored signal from the mobile ad-hoc network ADH-NW 
in step 41. In this process, when the same signal is re- 
ceived via the mobile ad-hoc network ADH-NW (No in 
step 40, YES in step 41), the signal is stored in the in- 
ternal memory in step 42. 

[0065] On the other hand, when the same signal is 
received via the wireless channel CH3 of the base sta- 
tion 40 (YES in step 40), the signal is stored in the in- 
ternal memory in step 36. After that, while checking 
time-out of the internal timer in step 37, the mobile sta- 
tion 11 monitors whether it receives a signal same as 
the signals stored so far via the mobile ad-hoc network 
ADH-NW in step 35. Then, when the signal is received 
via the mobile ad-hoc network, the signal is stored in the 
internal memory in step 36. 

[0066] In the above-mentioned processes (in steps 
40, 41 , 42, 43, or in steps 35, 36, 37), when the internal 
timer times out, signals destined for the mobile station 
11 which are stored in the above-mentioned way are 
synthesized in step 44. 

[0067] Fig. 14 shows a sate in which the mobile station 
11 receives a signal from the base station 40 by using 
the mobile stations 12 and 13 which operate as the mo- 
bile stations for diversity reception in the above-men- 
tioned way. 

[0068] In the above-mentioned mobile communica- 
tion system, since signals destined for the mobile station 
11 which are received by the mobile stations 12 and 13 
via the wireless channel CH3 of the base station 40 are 
aggregated in the mobile station 11 via the mobile ad- 
hoc network ADH-NW, the mobile station 11 can receive 
a signal destined for itself by diversity reception. In ad- 
dition, since mobile stations, in the mobile ad-hoc net- 
work, which can receive signals via the wireless channel 
of the base station 40 in good condition are selected dy- 
namically as the mobile station for diversity reception, 
the mobile station which performs diversity reception 
can always obtain a receiving signal of lower error rate. 
[0069] Further, since the mobile station for diversity 
reception can be selected among any mobile stations 
which can communicate with the base station, good di- 



versity reception which is unaffected by a location of the 
base station becomes possible. 

[0070] As mentioned above, according to the present 
invention, since diversity reception is performed by re- 
s ceiving signals from the base station by using one or a 
plurality of other mobile stations which can communi- 
cate with the base station, a mobile station which moves 
in a communication service area can always receive a 
signal destined for the mobile station itself wherever the 
mobile station is located. Therefore, effective diversity 
reception is always possible for the mobile station with- 
out being influenced by the size of the mobile station or 
the location of the base station. 

[0071] Further, according to the present invention, a 
mobile station which can communicate with other mo- 
bile stations according to the above-mentioned commu- 
nication method can be provided. 
[0072] The present invention is not limited to the spe- 
cifically disclosed embodiments, and variations and 
modifications may be made without departing from the 
scope of the invention. 

Claims 

1. A communication method used when a mobile sta- 
tion receives a signal from a base station in a mobile 
communication system, characterized by the steps 
of: 

deciding one or a plurality of mobile stations 
which can communicate with said mobile sta- 
tion via a predetermined wireless network and 
which can receive a signal from said base sta- 
tion; 

said one or a plurality of mobile stations send- 
ing a signal destined for said mobile station re- 
ceived from said base station to said mobile 
station via said predetermined wireless net- 
work; and 

said mobile station synthesizing a signal re- 
ceived from said base station and said signal 
destined for said mobile station received from 
said one or a plurality of mobile stations. 

2. The communication method as claimed in claim 1, 
further comprising the steps of: 

forming said predetermined wireless network 
by said mobile station and other mobile stations 
in said mobile communication system; 
selecting said one or a plurality of mobile sta- 
tions among said other mobile stations as mo- 
bile stations for diversity reception; and 
said one or a plurality of mobile stations select- 
ed as used for diversity reception of said mobile 
station sending said signal destined for said 
mobile station received from said base station 
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to said mobile station via said predetermined 
wireless network. 

The communication method as claimed in claim 2, 
further comprising the steps of: 5 

selecting said one or a plurality of mobile sta- 
tions among said other mobile stations such that 
communication condition between said one or a 
plurality of mobile stations and said base station is 
better than predetermined condition. 10 

The communication method as claimed in claim 3, 
further comprising the steps of: 

selecting said one or a plurality of mobile sta- 
tions among said other mobile stations such that is 
each level of signals received from said base station 
by said one of a plurality of mobile stations is higher 
than a predetermined level. 

The communication method as claimed in claim 2, 20 
further comprising the steps of: 

said mobile station sending participation re- 
quests which are requests to operate for diver- 
sity reception of said mobile station, to said one 25 
or a plurality of mobile stations via said prede- 
termined wireless network; 
each mobile station which receives said partic- 
ipation request determines whether said each 
mobile station can receive a signal from said 30 
base station; 

each mobile station which can receive a signal 
from said base station recognizing that said 
each mobile station operates for diversity re- 
ception of said mobile station which sends said 35 
participation request, and sending a participa- 
tion response which indicates acceptance of 
said participation request to said mobile station 
via said predetermined wireless network; and 
said mobile station recognizing that said each *o 
mobile station which sends said participation 
response operates for diversity reception of 
said mobile station. 

The communication method as claimed in claim 5, 45 
further comprising the steps of: 

said each mobile station which receives said 
participation request measuring a state of re- 
ceiving a signal from said base station; so 
said each mobile station in which said state is 
better than a predetermined state recognizing 
that said each mobile station operate for diver- 
sity reception of said mobile station and send- 
ing said reception response to said mobile sta- 55 
tion via said predetermined wireless network. 

The communication method as claimed in claim 1, 



wherein said predetermined wireless network is a 
mobile ad-hoc network. 

8. A mobile station which receives a signal from a base 
station in a mobile communication system, charac- 
terized by: 

a first transceiver unit which transmits and re- 
ceives a signal between said mobile station and 
said base station; 

a second transceiver unit which transmits and 
receives a signal between said mobile station 
and a first mobile station; 
network forming control means which forms a 
predetermined wireless network including said 
mobile station and said first mobile station by 
co'mmunicating with said first mobile" station by 
using said second transceiver unit; and 
signal synthesizing means which synthesizes 
a signal received from said base station by said 
first transceiver unit and a signal destined for 
said mobile station received from said first mo- 
bile station by said second transceiver unit via 
said predetermined wireless network. 

9. The mobile station as claimed in claim 8, further 
comprising; 

transfer control means which sends a signal 
destined for a second mobile station received 
by said first transceiver unit to said second mo : 
bile station via said predetermined wireless net- 
work by said second transceiver unit. 

10. The mobile station as claimed in claim 8, further 
comprising: 

participation request send control means which 
sends a participation request to said first mobile 
station by said second transceiver unit via said 
predetermined wireless network, said partici- 
pation request being a request to operate for 
diversity reception of said mobile station; 
first storing means which stores said first mo- 
bile station as used for diversity reception of 
said mobile station when said second trans- 
ceiver unit receives a participation response 
from said first mobile station via said predeter- 
mined wireless network, said participation re- 
sponse indicating that said first mobile station 
accepts said participation request; 
wherein said signal synthesizing means syn- 
thesizes a signal received from said base sta- 
tion by said first transceiver unit and a signal 
destined for said mobile station received from 
said first mobile station by said second trans- 
ceiver unit via said predetermined wireless net- 
work, said first mobile station being stored in 
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said first storing means. 

11. The mobile station as claimed in claim 9, further 
comprising: 

first determining means which determines 
whether a signal from said base station can be 
received when said second transceiver unit re- 
ceives a participation request from said second 



13. The mobile station as claimed in claim 8, wherein 
said predetermined wireless network formed by 
said network forming control means is a mobile ad- 
hoc network. 



mobile station, said participation request being 10 
a request to operate for divinity reception of 
said second mobile station; 
second storing means which stores said sec- 
ond mobile station when said first determining 
means determines that a signal from said base 15 
station can be received; 
participation response control means which 
sends a participation response, to said second 
mobile station from which said participation re- 
quest is received, by using said second trans- 20 
ceiver unit via said predetermined wireless net- 
work, said participation response indicating 
that said mobile station accepts said participa- 
tion request; and 

wherein said transfer control means sends, by 25 
said second transceiver unit, a signal destined 
for said second mobile station to said second 
mobile station when said first transceiver unit 
receives said signal destined for said second 
mobile station, said second mobile station be- 30 
ing stored in said second storing means. 

12. The mobile station as claim in claim 1 1 , further com- 
prising: 

35 

receive state measuring means which meas- 
ures a state of receiving a signal from said base 
station when said second transceiver unit re- 
ceives said participation request from said sec- 
ond mobile station via said predetermined wire- *o 
less network; 

second determining means which determines 
whether said state measured by said receive 
state measuring means is better than a prede- 
termined state; 45 
wherein said second mobile station which 
sends said participation request is stored in 
said second storing means and said participa- 
tion response control means sends said partic- 
ipation response, by said second transceiver so 
unit, to said second mobile station via said pre- 
determined wireless network when said first de- 
termining means determines that a signal from 
said base station can be received and when 
said second determining means determines 55 
that said state is better than said predetermined 
state. 
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FIG. 13 
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